and other conditions that result in anoxia to tissues (1-6).
The procedures described herein for oxygen and carbon monoxide use an improved form of a microgasometer, described previously (7, 8) , in which both gases are estimated manometrically.
A photograph of the instrument with an inset showing the method of sampling is shown in Fig. 1 .
For the estimation of oxygen in blood the usual technic for liberating the 02 by ferricyanide, removing the CO2 with alkali, and absorbing the oxygen in sodium hydrosulfite is used (9) (10) (11) . For carbon monoxide the same steps are followed using a special reaction chamber (Fig. 2) . The CO is absorbed in cuprous chloride-ammonia complex (12, 13) . Iron is estimated as the thiocyanate by a modification of a method previously described (8) after wet ashingtheblood (14) . The use of small quantities of blood permitsthe use of relatively large amounts of per-Simultaneous deaeration of reagents is carried out for approximately 10 minutes just before use, by transferring the reagents to small containers (Fig. 3) . Reduced pressure is obtained by means of a water aspirator and a glass manifold. As the reagents are layered with oil, they remain airfree. During the 10-minute deaeration process, the bottles or vials are tapped occasionally to facilitate the displacement of air.
Potassium Ferricyanide:
1.2% in distilled water. Transfer a portion of this solution to a 20 ml. short form vial and cover with a layer of caprylie alcohol. After deaeration the reagent is removed for the procedure by taking up, in order, caprylic alcohol, the reagent, and then caprylic alcohol. Contamination of this reagent with mercury should be avoided. Saponin Solution: 0.5% in distilled water. Transfer a portion to a 20 ml. vial, cover with mineral oil, and add mercury to about 2 cm. high in vial. Deaerate just before use.
Potassium
Hydroxide:
iN. Keep in a polyethylene bottle. Transfer a portion to a 20 ml. vial and cover with mineral oil. Mercury is added to a height of 2 cm. in vial.
Sodium Hydrosulfite
Solution: Place 1 Gm. sodium hydrosuffite placed in a vial or test tube and cover with mineral oil. Add 5 ml. of iN KOH and 2 ml. of mercury. The powder will dissolve as the solution is being deaerated. If not completely dissolved, deaerate while tube is in a 60#{176} water bath. It is best that this solution be prepared daily.
Preparation of Microgasometer
Draw approximately 1 ml. of water into the 3 ml. bulb and expel.
Repeat.
Draw 0.1 ml. of iN lactic acid into the instrument, retreat to the 3 ml. mark, and then expel the acid. The gasometer is thus left acid which eliminates the need for an acid ferricyanide reagent.
Collectionof Sample
Prick the fingertip or heel and allow the blood to flow into a heparinlined tube, 1.5 mm. bore, as described previously (7, 8) . Discard the first drop by wiping with a cotton pledget, insert the tip of the firepolished tube into the cut, and allow the blood to flow directly into the tube until approximately 10 cm. (0.1 ml. approx.) has been collected. Oxygen Capacity: Transfer the blood to the bottom of a silicone-lined, showing method of sampling in inset. Positioning of the mercury is accomplished by rotating the wheel. chamber for CO estimation. Two-way stopcock at toj) permits rinsing of the instrument while I he gas I)tl})I)Ie is trapped at right above stopcock.
Lower Stopcock is not used in this determination. 3 ml. test tube (10 x 75 mm.) that has been cut to half its height. The blood is saturated with oxygen by beating the tube with the fingers, as for shaking, for about three minutes.
As an alternative, a slow stream of 02 or air is passed through the blood from a fine-tipped glass tube. Just before performing the analysis the blood is again shaken to resus- it, leaving some in the collecting tube. The blood sample has not been exposed to air except for the minute surface at the narrow collecting tip.
For the duplicate, wipe the tip of the collecting tube and layer another sample. The collecting tube should rest in a horizontal position so that subsequent sampling is representative, the cells settling laterally in the tube. If settling is marked, the tube may be rolled on the table to resuspend the cells. When both determinations are to be done on the same sample it is best to do the 02 content first using the remaining blood for the 0 capacity.
Procedure
Sampling of the reagents into the gasometer is done by advancing the mercury so that a bubble protrudes from the end of the capifiary tip, dipping the capillary tip into the sample to be taken up, retreating with the plunger until the required amount has been sampled, and then following the sample with mercury or caprylic alcohol without withdrawing from the solution. The procedure is necessary to exclude air. First, 0.03 ml. of whole blood is drawn up followed by a mercury plug. Next 0.02 ml. caprylic alcohol, 0.03 ml. of ferricyanide reagent, and 0.02 ml. caprylic alcohol are drawn up in that order. Finally, 0.1 ml. saponin solution is taken into the instrument followed by mercury until the sample and all the reagents are drawn to the 0.12 mark beyond the stopcock, which is then closed. All reagents are drawn into the lower bulb by retreating with the plunger and mixed well. If any mercury has remained in the tube, it is removed by vigorous shaking with the shaking rod or by advancing and allowing the bubble of released gas to get above the mercury and retreating to permit the mercury to drop down. The plunger is retracted until the mixture is below the 3 ml. mark and allowed to remain there for three minutes, with occasional shaking. To be certain that all 02 has been released, a reading is taken on the manometer when the caprylic alcohol meniscus is at the 0.12 ml. mark. The mercury is lowered again and then brought back to check the reading. When two consecutive readings check, the 02 liberation is complete. The screw is advanced to release the pressure. The stopcock is opened and 0.03 ml. of iN ROll is introduced followed by mercury to bring all the KOH beyond the stopcock, which is then closed. The plunger is retracted to the 3 ml. mark, the mixture shaken, and the caprylic alcohol meniscus brought back to the 0.12 ml. mark. The pressure on the ma-
The pressure is released and 0.03 ml. of hydrosulfite reagent is introduced, followed to the 0.12 ml. mark with mercury, and the stopcock closed. The reaction chamber is evacuated to the 3 ml. mark and the caprylic alcohol meniscus brought back to the 0.12 ml. mark. The pressure (P2) is read. At this point the precipitated methemoglobin (brown)
should turn to the red of hemoglobin. If this is not the case the hydrosulfite reagent isat fault. The analysisis not lost since 0.03 ml. of freshly prepared hydrosulfite may be added and the reading (P2) taken.
Calculations
(P1 -P2) x factor (Table 4) = 02 in vols./100 ml. 02 in vols./100 ml. X 0.446 = 02 in mM/i.
Estimation of Carbon Monoxide Saturationof Blood

Preparation of the Sample
The sample is collected as for oxygen capacity and placed in the silicone-lined test tube. A stream of CO (HOOD) is passed through the blood by means of a tube drawn to a fine tip. The CO is generated by dropping conc. H2S04 on formic acid contained in a suction flask, by means of a dropping funnel and a one-holed rubber stopper. The gas is passed through a tube containing soda lime and then calcium chloride (anhyd.) to remove acids and water.
Reagents
The reagents are the same as for 02 estimation with the following additional ones.
Cuprous Chloride-Ammonia
Reagent: 15 grams of cuprous chloride is added to 25 Gm. of ammonium chloride and made to 100 ml. with water. 30 cm. of fine copper wire, which has been cleaned with sandpaper and thoroughlyrinsedin distilled water, is added. The copper wire is used inshortlengths. Excess copper wire must always be present. The mixture iscoveredwith a layerof mineraloil. The solution isallowedto stand overnight, or warmed to 60#{176} until the solution becomes colorless. Some excess cuprous chloride will remain at the bottom. Transfer some of the supernatant to a vial containing mercury and mineral oil and deaerate by suction. The original solution is stable indefinitely.
Ammonium Hydroxide
Buffer: To 25 Gm. of ammonium chloride add 100 ml. of water and 50 ml. of concentrated ammonium hydroxide. Transfer some to a vial containing mercury.
Air-free Water: Add water to a bottle containing mercury and mineral oil and deaerate as above. This is used for washing and approximately 100 ml. of such water should be kept on hand.
Procedure
For CO estimation the cuprous chloride solution may not be mixed with the other reagents used for removal of 02 and CO2. For this reason, a two-way stopcock is needed. Figure 2 shows the reaction chamber used. The bottom two-way stopcock is not required for this determination. This was left open so that it led into the chamber below the stopcock.
The procedure for 02 determination is followed exactly as described. However, the time required for complete release of CO is much longer than that for 02. Thus, after addition of the ferricyanide, five minutes must be allowed for liberation of all the gases. After the oxygen has been removed, 0.1 ml. of caprylic alcohol is introduced into the instrument followed by mercury. The residual gases (CO, N, and the rare gases) are pushed up to the capillary tube on the right by turning the stopcock i80#{176} and advancing the plunger until the gas bubble is pushed above the stopcock with a little caprylic alcohol acting as the seal. The pipet at the right contains mercury so that the gas is trapped between caprylic alcohol and mercury. The stopcock is turned to its original position and all the reagents are expelled. The machine is rinsed twice with air-free water and the mercury pushed to the tip of the pipet. The bubble of gas is now returned to the instrument by rotating the stopcock and drawing the bubble followed by a little mercury into the instrument and again returning the stopcock to its original position. Then 0.1 ml. of ammonia buffer followed by 0.1 ml. of water is drawn into the gasometer, followed by mercury until the reagents are beyond the stopcock. The stopcock is closed and evacuation made to the 3 ml.
mark. Shake for one minute, bring to the 0.12 ml. mark, and read (P3). The pressure is released by advancing the mercury.
The stopcock is opened and 0.03 ml. of the cuprous chloride reagent followed by mercury is entered. The stopcock is closed, evacuation made to the 3 ml. mark, and then returned to the 0.12 mark after i minute shaking. The pressure (P4) is read. The blank is determined by rinsing the instrument with water and then adding 0.1 ml. of ammonia buffer followed by 0.1 ml. of water and the mercury until the reagents are beyond the stopcock and the pressure read. Finally, 0.03 ml. of the cuprous chloride reagent is added as in the determination, and the second pressure read. The di!-ference between the two readings is the blank to be used in the calculations.
Calculations
(P1 -P4 -blank) X factor ( 
Procedure
Iron in Whole Blood: 0.02 ml. of oxalated blood, or blood freshly drawn, is washed into 0.2 ml. of dist. 1120. Use a constriction pipet (7) or an Accupipet' and a 13 x iOO mm. Pyrex culture tube which has been marked at 4 ml. Add 0.2 ml. conc. H2SO4 and 0.2 ml. 70% HC1O4.
American Hospital Supply Corp., Evanston, Ill. Digestion is carried out on a medium heated hot plate with tubes set at approximately a i5#{176} angle to avoid bumping. The tubes are heated until clear. After cooling, approximately 1 ml. of 1120 and 0.2 ml. of saturated K2S2O8 are added. After 1 minute, 0.4 ml. NaSCN solution is added and the mixture diluted to the 4 ml. mark with dist. 1120. The reagent blank is similarly prepared.
For the standard, 0.02 ml. of the iron standard (10 tg.) is pipetted from the same pipet used for the blood. This cancels any pipet calibration error. Ifreaction iscloudyaftercooling, itis due to incomplete digestion and iscaused by precipitation of KC1O4. The Klett-Summerson colorimeter with the 52 filter or the Coleman spectrophotometer (470 mM) have been used for the readings.
Calculations:
Reading of the unknown x 50 = Fe mg./iOO ml.
Reading of the standard
Iron in Serum or Plasma: 0.5 ml. clear unhemolyzed serum or plasma is mixed with 0.5 ml. conc. 112SO4 and 0.5 ml. HC1O4 (70%) in a Pyrex tube (16 x 125). Digest on a medium heated hot plate until clear. 5 ml.
1120 and then 1 ml. NaSCN reagent are added and the solution mixed. 3 ml. colorless amyl alcohol is then added, mixing vigorously by hand for 30 seconds. After centrifugation the supernatant amyl alcohol layer is read in a colorimeter (* 52 filter for Klett-Summerson, 495 mjz Coleman spectrophotometer).
The working standard is prepared by diluting the stock standard (500 jig./ml.) 1:250. 0.5 ml.
(1 Mg.) of the working standard is used. Distilled water in place of serum or plasma is used for the reagent blank.
The same procedure can be used for smaller samples. For 0.05 ml. serum aliquots using the Coleman spectrophotometer, Model 14, 3 ml. cuvettes with 5 cm. light path is used. 0.2 ml. aliquots can be assayed with the Klett-Summerson colorimeter using 2 ml., 4 cm. light path cuvettes. For these reduced amounts of sample, all reagents are reduced proportionally, except the amyl alcohol. 3.5 ml. is used with the Coleman cuvette and 2.5 ml. with the Klett-Sumnaerson.
The standard and reagent blank are also reduced accordingly.
In this determination the reagents used contain a significant amount of iron, making the reagent blank an important determination.
To determine the amount of iron in the reagents read the color developed in the blank against colorless amyl alcohol. All reagents should be accurately measured.
Calculation:
Optical Density of unknown x 200 = Fe ug./100 ml.
Optical Density of standard
This formula is the same for all quantities of serum or plasma.
RESULTS
The validity of the oxygen procedure was checked by comparing the results obtained for the 02 capacity of the blood of 32 normal individuals with that of the iron content of the same blood. It has been established that the Fe to 02 holding capacity of hemoglobin is 1 Fe to 1 02 (15) or 1:1 when both are expressed in mM/l. of blood.
In our experiments on normal adults we observed a range of 100-160 g. of Fe/100 ml. of serum, which is in agreement with the reported values for plasma Fe (16) . Since the whole blood Fe content is of the order of 55,000 g./lO0 ml. it is apparent that the plasma Fe interference in the normal individual is outside the range of experimental error.
The values in the column for hemoglobin (Table 1) were obtained by the conventional colorimetric measurement (17) . In this procedure the cells are hemolyzed in alkaline solution and the density of the color read. Cell debris, chromophoric substances other than hemoglobin present in blood such as bilirubin (particularly in the newborn), carotene, and lipids all serve to influence the reading. Further, an absolute standard is difficult to prepare in view of the instability of oxyhemoglobin (18) . One usually prepares a standard curve based on iron or oxygen determinations. The standard curve used was the one supplied with the hemoglobinorneter, as an outside reference. On the basis of the data in the 02 
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As. (19) . Table 1 shows the results obtained in this study. These are divided into groups for adult males and females and newborn males and females.
Wherever duplicate values for a particular determination differed by more than 3 per cent, the results were discarded except for 02 capacity when a difference of 5 per cent in duplicates was accepted.
The columns for average deviation for each column are a measure of the variation from individual to individual. These columns are of interest in indicating the range of values to be expected in the particular group of individuals studied. To determine whether the 02 method is valid it is necessary to demonstrate that, within the range of experimental error, the values obtained by the 02 method are the same as those obtained by the iron method. The t test was therefore applied using the simplified procedure described by Varnum (20) . The mean value for the Fe column, 32 cases, is 9.323. For 02 it is 9.343. The variance (2) for the Fe column is 0.3468 and the variance for the 02 column is 3.3267, the sum of the variances being 3.674. Applying this to the chart of Varnum While one would be justified in saying that the difference between the two columns is not convincing one cannot say that they are essentially identical.
There is a suggestion that the oxygen values tend to be high. This may be due in part to oxygen dissolved in the plasma. Calculating the percentagedifference between the Fe and 02 valuesobtainedfor each ofthe32 casesand averagingthepercentage difference, one obtains a mean difference of 1.2per cent with a standard deviation of ±0.33. This seems to indicate more clearly that within the range of the experimental errorof the methods the values for 02 and Fe arein agreement. by the presence of a "fetal type" hemoglobin (21, 22) . The 02 capacity obtained is somewhat high for the amount of Fe found in the blood. Fetal hemoglobin has been crystaffized and characterized as differing from hemoglobin of the normal adult (5) . While this may be related to the differences observed, one must also consider the possibility that the lower hematocritvalues,especially in the case of sickle cell anemia, with the higherproportionof plasma,may have exaggeratedthe effect of the dissolved 02. The number of cases, isnot adequateforstatistical interpretation. It can be said,however,thatin these 4 casesthe hemoglobin did not exhibit a lowered ability to hold 02. The question is often raised as to whether the percentage 02 saturation of blood taken from the fingertip is a true measure of the percentage 02 saturation of arterial blood. Actually the results were always lower 
